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(57) A method of automating engineering design is
provided. The method includes receiving a training set
including pairings of control loop data for respective con-
trol loops identified in digitized design data and templates
that were instantiated using the control loop data of the
respective control loops and training, using machine
learning, a knowledge base, based on the training set.

The knowledge base, once trained, is configured to be
queried with digitized new control loop data, predict a
template to pair with the digitized new control loop data,
and the predicted template, and the predicted template
is configured to be instantiated with the new control loop
data for implementation of a control loop in an engineer-
ing system.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to engineering
automation, and more particularly, to knowledge driven
artificial intelligence engine for engineering automation
for industrial control and design applications.

BACKGROUND

[0002] The design of specifications for control applica-
tions, human machine interfaces (HMIs), and cabinet en-
gineering for a particular process are performed manu-
ally. The effort utilizes significant time and resources to
understand characteristics of the process from the overall
design inputs and requirements. The overall design in-
puts can include, for example, a front-end engineering
and design (FEED) that can include, e.g., piping and in-
strumentation diagrams (P&IDs) and a database of com-
ponent identifiers (also referred to as TAGs)). When de-
veloping a new design, engineers rely on skill and can
use significant amounts of time to determine if a new
solution should be created of if a specific requirement
has already been addressed by a previous team that can
be leveraged by reusing associated existing artifacts.
[0003] When this problem is approached by applying
a strictly rules driven approach, there are constraints that
limit use and a lack of scalability. The process still re-
quires a high level of engineering skill and significant time
resources to design the rules for every new project and
each type of project.
[0004] While conventional methods and systems for
monitoring dangerous conditions in an operation unit
have generally been considered satisfactory for their in-
tended purpose, there remains a need for improvements.

SUMMARY

[0005] The purpose and advantages of the below de-
scribed illustrated embodiments will be set forth in and
apparent from the description that follows. Additional ad-
vantages of the illustrated embodiments will be realized
and attained by the devices, systems and methods par-
ticularly pointed out in the written description and claims
hereof, as well as from the appended drawings. To
achieve these and other advantages and in accordance
with the purpose of the illustrated embodiments, in one
aspect, disclosed is a method of automating engineering
design. The method includes receiving a training set in-
cluding pairings of control loop data for respective control
loops identified in digitized design data and templates
that were instantiated using the control loop data of the
respective control loops and training, using machine
learning, a knowledge base, based on the training set.
The knowledge base, once trained, is configured to be
queried with digitized new control loop data, predict a
template to pair with the digitized new control loop data,

and the predicted template, and the predicted template
is configured to be instantiated with the new control loop
data for implementation of a control loop in an engineer-
ing system.
[0006] In one or more embodiments, the knowledge
base includes a machine learning model, and training
the machine learning model can include training a clas-
sifier of the machine learning model.
[0007] In one or more embodiments, the received dig-
itized control loop data and the received templates can
be standardized and/or normalized.
[0008] In one or more embodiments, the method can
further include submitting the pairings for a conflict review
performed manually and/or automatically, receiving re-
view data based on the conflict review, and updating the
control loop data in the pairings as a function of the con-
flict review data, wherein the knowledge base is trained
using the updated pairings.
[0009] In one or more embodiments, the conflict review
can include identifying a conflict in which first and second
control loop data for two different pairings are the same
and are paired respectively with different templates, re-
viewing the digitized design data to identify an additional
attribute of the respective first and second control loops
that is different for the first control loop relative to the
second control loop, and including in the review data a
new feature to be added to the control loop data for the
first and second control loops that corresponds to the
additional attribute so that the first and second control
loops have different corresponding control loop data.
[0010] In one or more embodiments, the method can
further include adding the additional attribute to the con-
trol loop data of at least one of the first and second control
loops.
[0011] In one or more embodiments, the method can
further include receiving feedback about pairings be-
tween digitized new control loop data and predicted tem-
plates output by the knowledge base in response to que-
ries submitted to the knowledge base and updating the
training set based on the feedback.
[0012] In one or more embodiments, the knowledge
based can further be configured to adjust a confidence
score associated with the predicted template based on
the feedback.
[0013] In accordance with further aspect of the disclo-
sure, an automated engineering system is provided that
includes a memory configured to store instructions and
a processor in communication with the memory, wherein
the processor upon execution of the instructions is con-
figured to perform the disclosed method.
[0014] In accordance with still further aspects of the
disclosure a non-transitory computer readable storage
medium and one or more computer programs embedded
therein is provided, which when executed by a computer
system, cause the computer system to perform the dis-
closed method.
[0015] These and other features of the systems and
methods of the subject disclosure will become more read-
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ily apparent to those skilled in the art from the following
detailed description of the preferred embodiments taken
in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A more detailed description of the disclosure,
briefly summarized above, may be had by reference to
various embodiments, some of which are illustrated in
the appended drawings. While the appended drawings
illustrate select embodiments of this disclosure, these
drawings are not to be considered limiting of its scope,
for the disclosure may admit to other equally effective
embodiments.

FIG. 1 is a block, flow diagram illustrating an example
artificial intelligence (Al)-based design system for Al
based automated engineering project design, in ac-
cordance with embodiments of the invention;

FIG. 2, is a schematic diagram illustrating an exam-
ple template for a control loop, in accordance with
embodiments of the invention;

FIG. 3, is a schematic diagram illustrating an exam-
ple template in an uninstantiated state and in an in-
stantiated state, in accordance with embodiments of
the invention;

FIG. 4 is a block, flow diagram illustrating an example
knowledge base builder/trainer engine of the Al-
based design system, in accordance with embodi-
ments of the invention;

FIG. 5, illustrates example entries for pairings stored
in a collection of pairings of a knowledge base build-
er/trainer engine of the Al-based design system, in
accordance with embodiments of the invention;

FIG. 6, illustrates example entries for pairings stored
in a collection of pairings of a knowledge base build-
er/trainer engine of the Al-based design system
when a conflict is detected before and after resolu-
tion is performed, in accordance with embodiments
of the invention, in accordance with embodiments of
the invention;

FIG. 7, is a block, flow diagram illustrating example
machine learning aspects of training knowledge
base builder/trainer engine, in accordance with em-
bodiments of the invention;

FIG. 8, is a block, flow diagram illustrating application
of a knowledge base in the Al-based design system
for making predictions, in accordance with embodi-
ments of the invention;

FIG. 9, is a flowchart illustrating an example method

of querying a knowledge base of the Al-based design
system, in accordance with embodiments of the in-
vention;

FIG. 10 is a flowchart illustrating an example method
of training a knowledge base of the Al-based design
system, in accordance with embodiments of the in-
vention; and

FIG. 11 is a block diagram of an example computer
system used for implementation of the Al-based de-
sign system, in accordance with embodiments of the
invention.

[0017] Identical reference numerals have been used,
where possible, to designate identical elements that are
common to the figures. However, elements disclosed in
one embodiment may be beneficially utilized on other
embodiments without specific recitation.

DETAILED DESCRIPTION

[0018] With reference now to the drawings, for purpos-
es of explanation and illustration, and not limitation, a
block diagram of an exemplary embodiment of a design
system in accordance with the disclosure is shown in
FIG. 1, wherein the design system is designated gener-
ally by reference character 100. Methods associated with
monitoring one or more operation units with design sys-
tem 100 in accordance with the disclosure, or aspects
thereof, are provided in Figs. 2-11, as will be described.
[0019] It is noted that FIGS. 1, 4, and 7-10 show flow
diagrams and flowcharts. The flows in FIGS. 1, 4, and
7-10 demonstrate implementation of various exemplary
embodiments. It is noted that the order of operations
shown in FIGS. 1, 4, and 7-10 is not required, so in prin-
ciple, the various operations may be performed out of
the illustrated order. Also certain operations may be
skipped, different operations may be added or substitut-
ed, some operations may be performed in parallel instead
of strictly sequentially, or selected operations or groups
of operations may be performed in a separate application
following the embodiments described herein.
[0020] Language that refers to the transfer of informa-
tion is not meant to be limiting. For example, the term
"receive" as used herein refers to obtaining, getting, ac-
cessing, retrieving, reading, or getting a transmission.
Use of any of these terms is not meant to exclude the
other terms. Data that is transferred to or from a module
can be transferred by a transmission to or from the mod-
ule, or can include the data in a location that can be ac-
cessed by the module or is provided in a manner to be
accessible to another module.
[0021] Design system 100 is an artificial intelligence
(Al)-based design system configured to automate design
of engineering workflows, such as control applications,
human-machine interface (HMI) design and cabinet de-
sign. Design system 100 includes a knowledge base (KB)
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builder/trainer engine 102, a KB 104, a mapping engine
106, a configuration engine 108, a new design data man-
ager 110, a user review interface 120, and an engineer
review interface 122. Design system 100 receives input
data from a past engineered projects database 130 which
is used to build KB 104.
[0022] Design system 100 further receives review data
via a review interface 120 and/or engineer review inter-
face 122. The review data can be requested and/or gen-
erated automatically or manually. The review data is used
to update the KB 104, such as for updating mappings of
templates, updating control loop data, updating confi-
dence scores associated with mappings between tem-
plates and control loops, and/or adding new templates
that can be used by KB 104 for mappings.
[0023] A control loop performs some sub-process in
the plant process and may be either a closed or an open
control loop. Most control loops involve several devices
working together, including sensors, actuators, control-
lers, and the like. There are generally two types of control
loops: simple control loops, and complex control loops.
Simple control loops have an input, an output, and a con-
troller, while complex control loops are made of several
simple control loops.
[0024] Design system 100 further receives new project
data 132 with a request to automatically generate con-
figuration data for an engineering workflow. The config-
uration data is output to control configuration database
134 where it can be applied for designing an engineering
system 170.
[0025] With reference to architecture of design system
100 and its related storage, each of its modules, including
KB builder/trainer engine 102, KB 104, mapping engine
106, configuration engine 108, new design data manager
110, user review interface 120, and engineer review in-
terface 122, is implemented using a physical or virtual
computing device having a central processing unit
(CPU), random access memory (RAM), and a storage
medium, which can be connected through buses. Pro-
grammable instructions can be stored in the storage me-
dium and executed by the CPU to cause the CPU to
perform operations described herein. Whether imple-
mented as physical or virtual device(s), the modules of
design system 100 use one or more local or remote hard-
ware processing devices that execute software instruc-
tions, which enables performance of the disclosed func-
tions.
[0026] One or more of KB builder/trainer engine 102,
KB 104, mapping engine 106, configuration engine 108,
new design data manager 110, user review interface 120,
and engineer review interface 122 can be integrated with
each other, can be implemented by discrete devices, or
can share one or more hardware or software compo-
nents. Functionality can be shared or divided amongst
mapping engine 106, configuration engine 108, new de-
sign data manager 110, user review interface 120, and
engineer review interface 122 in a variety of ways.
[0027] Communication between KB builder/trainer en-

gine 102, KB 104, mapping engine 106, configuration
engine 108, new design data manager 110, user review
interface 120, and engineer review interface 122 can use
wired or wireless communication, including one or more
buses, wireless links, and/or computer networks (such
as an intranet, a local area network (LAN), and/or a wide
area network (WAN)).
[0028] In the example shown, one instance is shown
for each of KB builder/trainer engine 102, KB 104, map-
ping engine 106, configuration engine 108, new design
data manager 110, user review interface 120, and engi-
neer review interface 122, however one skilled in the art
will recognize that the number of instances of these re-
spective modules is not limited to a particular number.
[0029] KB 104 and storage components within respec-
tive modules KB builder/trainer engine 102, mapping en-
gine 106, configuration engine 108, new design data
manager 110, user review interface 120, and engineer
review interface 122 can store data structures in volatile
or non-volatile memory or on persistent storage (such as
a file system). The storage component(s) of each of the
modules KB builder/trainer engine 102, KB 104, mapping
engine 106, configuration engine 108, new design data
manager 110, user review interface 120, and engineer
review interface 122 can be integrated with or accessible
to the corresponding module and other modules of de-
sign system 100.
[0030] The functions of the modules KB builder/trainer
engine 102, KB 104, mapping engine 106, configuration
engine 108, new design data manager 110, user review
interface 120, and engineer review interface 122 of de-
sign system 100 are now described together with the flow
of design system 100.
[0031] The term knowledge base can refer to one or
more ways of collecting, organizing, retrieving, and shar-
ing knowledge, which can include, for example, applica-
tion of rules, data mining, modelling, artificial intelligence,
machine learning, or the equivalent.
[0032] Starting with flows 151-154, building or training
of KB 104 is described. Past engineered projects (PEP)
database 130 stores and submits digitized design data
that was obtained from past engineered projects. The
past engineered projects can be provided as documents
in formats such as pdf, png, xlsx etc., including pictorial
and/or textual data. Pictorial and textual data can include,
for example, diagrams, charts, alphanumeric data, pho-
tographs, etc. The documents can include, for example,
piping and instrumentation diagrams (P&IDs), process
flow diagrams (PFDs), cause and effect (C&E), a tag da-
tabase etc. The digitized design data obtained from the
design data of past engineered projects is referred to as
past digitized design data. The past engineered projects
include instantiated template(s), wherein the digitized de-
sign data for the past engineered projects was used to
instantiate one or more templates (referred to as past
templates). Identification of the past digitized design data
and the past templates with which it was instantiated are
paired together and used to build or train KB 104.
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[0033] With additional reference to FIG. 2, an example
template 200 is shown. A template is a software program
or logic used by a distributed control system (DCS) sys-
tem to perform specific functions, such as process con-
trol, data acquisition, and alarming. This program is ex-
ecuted by a controller (a DCS hardware component) that
can be disposed, for example, in an industrial plant. This
program can be represented by a group of interconnect-
ed function blocks 202, such as one or more input blocks
202A, one or more control and/or calculation blocks
202C, and one or more output blocks 202B. The input
block(s) 202A are configured to acquire data (e.g., tem-
perature, pressure, flow, level, etc. from a field device),
and the output block(s) 202B are configured to output a
control signal to control a physical entity (e.g., to control
steam inflow to a vessel by manipulating a valve position,
to control electrical flow by manipulating a switch, etc.).
The control block(s) 202C can include, for example, a
proportional-integral-derivative (PID) control block, logic,
mathematical operations, etc. The control and/or calcu-
lation block(s) 202C are configured to determine the con-
trol signal for manipulating a physical entity in order to
control a process variable (e.g., temperature, pressure,
flow, level, etc.,) to a desired value or within a desired
range by.
[0034] With returned reference to FIG. 1, an instanti-
ated template (whether past template or new template)
is an instantiation of the template in which selected dig-
itized design data was inserted in fields of the template.
The instantiation of past templates with past digitized de-
sign data can be performed manually, as automatic in-
stantiation of templates with digitized design data would
be unavailable for past engineering projects without the
systems provided by the disclosed features of KB build-
er/trainer engine 102, new design data manager 110,
and mapping engine 106. Digitization of past engineering
projects for providing the past digitized design data is
disclosed by U.S. Patent Nos. 10671894 and 10635945.
[0035] With additional reference to FIG. 3, shown are
an example sample 304 of digitized data, an example
instance 302A of a template in an uninstantiated state,
and an example instance 302B of the template in an in-
stantiated state. The sample 304 shows digitized data
entries for four control loops, with an entry corresponding
to each tag included in each of the loops. The digitized
entries include control loop data, including control loop
names to identify the respective control loops, tag names
to identify the corresponding tag, system type (e.g., field-
bus foundation or I/O), input/out (I/O) type, signal level,
and/or signal description. Additional, less, or different
control loop data can be included with the stored digitized
data. All entries of digitized data that have the name
ControlLoop1 are used for instantiating the template, re-
sulting in the instantiated instance 302B. Namely, the
entry for tag name LT1001 was used to instantiate an
input block and the entry for tag name CV1001 was used
to instantiate an output block.
[0036] With returned reference to FIG. 1, at flow 151,

past templates instantiated with past digitized design da-
ta for a past project, including a pair of identification of
the past template (template ID) and identification of the
past digitized design data (past digitized design data ID),
are provided to KB builder/trainer engine 102. KB build-
er/trainer engine 102 identifies past control loops in the
past digitized design data (referred to as past control
loops). Identification of control loops is described in U.S.
patent applications having serial numbers 17/442,403,
17/442,423, and 17/442,437, the contents of which are
incorporated herein in their entirety. Each past control
loop has associated control loop data that describes at-
tributes of the control loop, such as control loop type, one
or more tags, and attributes of the tags (e.g., such as
system type, signal type, signal count, signal level,
alarms, and/or signal and/or equipment description, etc.).
[0037] A tag of a control loop is a unique identification
name given to a device or an equipment. A control loop
extracted from past or new digitized design data includes
a logical group of tags performing a specific control op-
eration. For example, an control loop for measuring tem-
perature of a fluid in a vessel and doing a control oper-
ation, e.g., controlling a valve to supply the steam as
needed to the vessel in order to maintain the temperature
of the fluid in the vessel at a certain setpoint can include
a first tag named Tag1 for measuring the temperature
and a second tag named Tag2 for controlling the opera-
tion.
[0038] Once a past control loop is identified, a deter-
mination can be made regarding which past template the
past control loop was used for instantiation. A past control
loop can be used to instantiate one or more past tem-
plates or multiple control loops can be used to instantiate
one past template. Pairings are determined that include
the identification (past control loop data ID) and past con-
trol loop data associated with each past control loop and
identification of each past template (template ID) involved
in an instantiation.
[0039] With reference to FIGS. 1 and 5, a number of
entries is shown as sample 500 for pairings stored in
collection 404 by KB builder/trainer engine 102. Identifi-
ers of past control loops are shown in column 502, cor-
responding features of control loop data is shown in col-
umns 504, corresponding past template identification is
shown in column 506, confirmation regarding whether
the entry is conflict free is shown in column 508, and a
tool to add a feature to the control loop data is shown in
column 510. In the example shown, in a first entry, control
loops identified as ControlLoop1 and ControlLoop2 have
the same control loop data in corresponding features (as
shown in columns 504), are paired with the same tem-
plate (which is identified in column 506), are confirmed
as being conflict free, and do not have any added fea-
tures. The same is true for the control loop(s) identified
in the remaining entries shown.
[0040] With additional reference to FIG. 4, in one or
more embodiments, at flow 152 KB builder/trainer engine
102 submits the pairings stored in entries of collection
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404 to review interface 120 for detection and/or resolution
of conflicts in the pairings. In one or more embodiments,
training engine 406 detects conflicts in entries of collec-
tion 404 and submits the conflicts to review interface 120
for manual or automated resolution. The division of func-
tions performed by review interface 120 and training en-
gine 406 is not limited to a specific design, and detection
and resolution can be performed by either of these mod-
ules. Detection and resolution of conflicts is explained
with reference to FIG. 6 and the related description.
[0041] In one or more embodiments, review interface
120 can provide an interface to an expert user, such as
a subject matter expert (SME). In one or more embodi-
ments, review interface 120 can provide an interface to
an automated process for detecting and/or resolving con-
flicts. Review data including a resolution of a detected
conflict is provided (by the SME or automated process)
via review interface 120 at flow 153. KB builder/trainer
engine 102 receives the resolution and updates collec-
tion 404.
[0042] With reference to FIGS. 1 and 6, a number of
entries is shown as sample 600A for pairings stored in
collection 404 by KB builder/trainer engine 102 when a
conflict is detected before resolution. The same entries
are shown as sample 600B after the detected conflicts
have been resolved. In sample 600A, the respective en-
tries for ControlLoop8 and ControlLoop9 have the same
control loop data, but are paired with different templates,
which established a conflict that has been flagged in col-
umn 508. The conflicting entries can optionally be high-
lighted or otherwise displayed with a graphical indicator
of the conflict. During the resolution process the corre-
sponding past digitized design data (or original past de-
sign data prior to digitization) was consulted for additional
details about the control loops that would differentiate
ControlLoop8 and ControlLoop9 that would account for
assignment of a different template to these respective
control loops.
[0043] The consultation (manual or automatic) re-
vealed that ControlLoop8 and ControlLoop9 have differ-
ent signal identifiers. In sample 600B, it is shown that via
activation of the add feature tool at column 510, manual
or automatic addition of column 512 was allowed to the
columns of control loop data 502. The confirmation that
the entries for ControlLoop8 and ControlLoop9 are con-
flict free was updated.
[0044] With returned reference to FIG. 1, pairings of
identification of past control loops (control loop ID) and
the associated past control loop data, with past templates
used in the same instantiation are provided to KB 104 at
flow 154. Flow 154 can further include adjustments to
the pairings, namely based on adjustment to the control
loop data used to identify a past control loop in accord-
ance with resolutions received at flow 153 from review
interface 120. While flow 154 is descried as including
pairings and adjustments to pairings, flow 154 can in-
clude any data used to build or train KB 104, such as a
classifier trainer 702, as described in greater detail with

reference to FIG. 7.
[0045] KB builder/trainer engine 102 standardizes
and/or normalizes the past control loop data and past
templates before providing them to KB 104 (as described
with respect to identification engine 402 of KB build-
er/trainer engine 102 in FIG. 4).
[0046] KB 104 is revised by storing mappings for each
of the pairings received via flow 154 as well as resolved,
new, or updated pairings received via flow 165. New and
updated pairs are described in greater detail with respect
to the description of flows 163A and 163B. The mappings
include the identification and control loop data of the past
control loop(s) in the pairing as mapped to the past tem-
plate identified in the pairing. In addition, each mapping
can have an associated confidence score. Upon an initial
storing of a pairing in KB 104, e.g., as a mapping, the
confidence score can be neutral. Each time a pairing for
the same mapping is submitted again to KB 104 at flow
154, the confidence score is increased.
[0047] While the pairings received at flow 154 and
mappings stored by KB 104 are described as 1:1 map-
pings with control loop data for one control loop correlated
to one template in the pairings and mappings, one skilled
in the art will recognize that control loop data for respec-
tive multiple control loops can correspond to one tem-
plate, control loop data for one control loop can corre-
spond to multiple templates, or control loop data for mul-
tiple control loops can correspond to multiple templates.
Although the other flows may refer to control loop data
for one control loop or template ID of one template, it is
understood that either of these could be substituted with
multiple instances.
[0048] Each time a conflict is detected, confidence
scores can be updated to reflect the conflict and the res-
olution. For example, if a mapping with the conflict exists
in KB 104, its associated confidence score can be de-
creased or the mapping can be removed. If a mapping
with the revised control loop data (in accordance with the
resolution) exists in KB 104, its associated confidence
score can be increased.
[0049] With reference to FIGS. 1 and 4, KB build-
er/trainer engine 102 can include an identification engine
402, a collection 404, and a training engine 406. Identi-
fication engine 402 receives the past templates with past
digitized design data that was used for instantiating the
past templates, extracts the past control loops from the
past digitized design data, and determines the pairings.
The pairings of identifications of past control loops and
associated past control loop data with past templates are
stored in collection 404 at flow 410. Identification engine
402 can normalize and/or standardize the past control
loop data and/or past templates before storing the pair-
ings in collection 404. A transformation process can be
applied for converting nonstandard values in the past
control loop data into standard or normalized values. For
example, a signal type of a tag attribute can be included
in the past control loop data as "AI." Identification engine
402 can standardize or normalize the signal type to be
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"Analogue Input". A similar process is used for templates.
Two templates are similar can be automatically recog-
nized, with one of the two templates used as a member
of the mapping pair.
[0050] Collection 404 is updated based on resolutions
by review interface 120. Training engine 406 trains (or
builds) KB 104 by providing the pairings (or trained data)
from collection 404 at flow 154 with any revisions per-
formed to KB 104 and updating KB 104 by storing a map-
ping for each pairing provided at flow 154.
[0051] With returned reference to FIG. 1, KB 104 uses
the pairings to provide an association between control
loop data associated with control loops and templates to
which the respective control loops were paired and
mapped. The control loops can be identified from past
digitized design data or new digitized data (based on
feedback).
[0052] New design data 132 that corresponds to a new
engineering product can be submitted at flow 155 to new
design data manager 110. New design data 132 can be
implemented in an engineering system, such as engi-
neering system 170. Flows 155-161 and flow 162A illus-
trate application of KB 104 for receiving the new design
data and using a prediction about a template for mapping
of the new design data in order to generate control con-
figuration data that can be used to design engineering
system 170.
[0053] New design data 132 is received via flow 155
by design data manager 110 in pictorial and/or textual
format. Design data manager 110 digitizes the new de-
sign data. Digitization of design data is described is dis-
closed by U.S. Patent Nos. 10671894 and 10635945.
Design data manager 110 further identifies control loops
and corresponding control loop data in the new design
data (also referred to as new control loops and new con-
trol loop data). Design data manager 110 can further nor-
malize and/or standardize the new control loop data. The
method used by design data manager 110 for identifying
control loops can be the same or similar to the process
used by KB builder/trainer engine 102 for identifying con-
trol loops. The identified new control loops are provided
via flow 156 to mapping engine 106. The identified new
control loop data includes, for example, control loop type
and tags belonging to the control loop along with at-
tributes of the tags.
[0054] Design data manager 110 provides the new
control loops to mapping engine 106. Mapping engine
106 queries KB 104 at flow 157 for templates to use for
each new control loop. The query for a new control loop
includes the new control loop data for the new control
loop. KB 104 receives the query and selects the template
that has associated control loop data that matches the
control loop data in the query. The matching process is
simplified by the normalization and/or standardization of
the control loop data in the query and the control loop
data stored in KB 104. If KB 104 selects more than one
template for the new control loop a first section of tags
present in the new control loop data can be mapped to

one of the templates and a second section of tags of the
new control loop data can be mapped to a different one
of the templates. A different section of tags can be
mapped to each of the respective different templates.
The selected template is provided to mapping engine 106
at flow 158 as a recommendation for pairing with the con-
trol loop data. The control loop data of the new control
loop can thus be mapped to the selected template.
[0055] Once a template is selected for a new control
loop, mapping engine 106 maps the selected template
with new control loop data of the new control loop and
provides the mapping (which identifies the selected tem-
plate and the new control loop) to configuration engine
108 at flow 161. In one or more embodiments, mapping
engine 106 submits at flow 160 the mapping to an engi-
neer review interface 122. In one or more embodiments,
engineer review interface 122 can provide an interface
to an expert user, such as a project engineer. The project
engineer reviews the mapping for appropriateness, e.g.,
from a practicality, practicability, and/or engineering point
of view. The project engineer may provide review data
as feedback at flow 160B via engineer review interface
122 that the mapping is disapproved (e.g., for being in-
correct or not ideal) or approved. In addition, the review
data provided at flow 160B by the project engineer may
include a suggestion with a replacement mapping that
identifies a replacement template to use instead of the
selected template.
[0056] If the mapping was disapproved and a replace-
ment template was not suggested, the method continues
at flow 161. If the mapping was disapproved and a re-
placement template was suggested, the identified re-
placement template is retrieved from template library
149, and the method continues at flow 161. If the replace-
ment template as identified in the review data is not found
in template library 149, the method continues at flow 161.
If the mapping was approved, the selected template is
retrieved from template library 149, and the method con-
tinues at flow 161.
[0057] At flow 161 the instantiated selected or replace-
ment template are provided to configuration engine 108.
Furthermore, in one or more embodiments, the review
data and success status of retrieving the selected or re-
placement template is reported to configuration engine
108. The review data reported can include an indication
of a disapproval by the project engineer and whether a
replacement template was suggested.
[0058] Logic and functions performed by configuration
engine 108 are shown at blocks 144 and 146. At block
144, a determination is made whether the mapping sug-
gested by KB 104 at flow 158 was approved. If the map-
ping was approved, notification of the approval is provid-
ed to KB 104 at flow 162A1 with a command to increase
the confidence score associated with the mapping. In
addition, the mapping and the selected template (if suc-
cessfully retrieved) are provided to configuration gener-
ator 142 at flow 162A2. Configuration generator 142 can
instantiate the selected template using the new control
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loop data.
[0059] If the mapping was disapproved, notification of
the disapproval is provided to KB 104 at flow 162B1 with
a command to decrease the confidence score associated
with the mapping and the method continues at block 146,
as indicated by flow 162B2.
[0060] At block 146, a determination is made whether
the selected template or replacement template were
available in template library 149. If the selected or re-
placement template was available in template library 149,
at flow 163A2 the selected or replacement template is
provided to configuration generator 142 with the new con-
trol loop (if not already provided at flow 162A2). Config-
uration generator 142 can instantiate the selected or re-
placement template using the new control loop data.
[0061] In addition, at flow 163A1, a request is provided
to review interface 120 suggesting a modification for
mapping the replacement template to the control loop
(instead of the selected template), per the suggestion
from engineering review interface 122 at flow 160B. If
the selected or replacement template is not available in
template library 149, at flow 163B, a request is provided
to review interface 120 with a suggestion to add a new
template to template library 149 as specified via engi-
neering review interface 122 at flow 160B. While identi-
fication of the selected or replacement template to be
added to template library 149 can be provided with hu-
man intervention, communication to review interface 120
can be automated.
[0062] At flow 164, review interface 120 provides tem-
plate IDs of the modified or newly added template and
control loop IDs of the control loops having control loop
data with which it is to be mapped. At flow 165, KB build-
er/trainer engine 102 provides instructions to KB 104 to
update any mapping it has that includes the control loop
ID of the new control loop and template ID of the new or
modified template.
[0063] Configuration generator 142 can handle updat-
ing control configuration database 134 with the mappings
to the selected or replacement templates, and can further
perform instantiation of the selected or replacement tem-
plates using the new control loops in accordance with
the mapping. The instantiated templates can be stored
in control configuration database 134. A control compo-
nent of engineering system 170 can be operated using
the instantiated templates in control configuration data-
base 134 or can access the mappings in control config-
uration database and perform the instantiation, which is
then utilized for operation of the control component.
[0064] As shown, a process of creating, building,
and/or training KB 104 includes the process performed
at flows 151, 152, 153, and 154. A process for making
predictions using KB 104 includes flows 155, 156, 157,
158, 161, and 162A2. A self-evolving process for enhanc-
ing KB 104 includes flows 160A, 160B, 162A1, 162B1,
162B2, 163A1, 163A2, 163B, 164, and 165.
[0065] With reference to FIG. 7, shown are KB build-
er/trainer engine 102A, KB 104A, identification engine

402A, collection 404A, and ML model training engine
406A are shown while performing an example process
of building or creating KB 104. The description of KB
builder/trainer engine 102, KB 104, identification engine
402, collection 404, and training engine 406, including
interactions between these components, as described
with respect to FIGS. 1 and 4 is applied to builder/trainer
engine 102A, KB 104A, identification engine 402A, col-
lection 404A, and ML model training engine 406A, re-
spectively. Thus, the description of model training engine
406 is relevant to ML model training engine 406A, but as
its label indicates, ML model training engine 406A shows
an embodiment that includes classifier trainer 702 and
is specific to training a ML model 706 of KB 104A.
[0066] Identification engine 402A of KB builder/trainer
engine 102A receives and normalizes inputs received
via flows 151, 153, or 164. The inputs to KB 104A can
be formatted with a specified shape. Example respective
shapes can include batch size, steps, features) and ac-
tivation function. In an example, the control loop data has
a shape Nx15x21 (meaning batch size N, steps 15, fea-
tures 21) and the template identified by template ID has
a shape Nx32 (meaning batch size N, output features
32, and activation function). In an example, the activation
function used is softmax (without limitation), which is a
mathematical function for converting a vector of numbers
into a vector of probabilities which can be applied to a
neural network model.
[0067] In the example shown, the data provided via
flow 151 is provided from past engineered projects da-
tabase 130. The data included in the past engineered
projects database 130 can include, for example, a name
of a template paired with a control loop, and control loop
data that is particular to the control loop, such as system
type, input/output (I/O) types and/or names, signal levels,
etc.
[0068] Once the inputs are normalized by identification
engine 402A, collection 404A updates and aggregates
its collection of information about pairings between con-
trol loop data and templates, forming a training set. Up-
dates to collection 404A are communicated to ML model
training engine 406A as a training set at flow 412A.
[0069] An example training set is shown in FIG. 7 that
demonstrates how example actual data received via any
of flows 151, 153, 164 is aggregated by tallying a number
of values of attributes in different features of control data
that is paired with an identified template.
[0070] ML model training engine 406A includes clas-
sifier trainer 702 for using the training set from collection
404A to build and train a classifier, such as random forest
classifier, without limitation to a particular classifier. A
random forest classifier is trained (e.g., by classifier train-
er 702) to have multiple decision trees generated from
random samples of data. Each tree provides certain pre-
dictions. A prediction output from the classifier is based
on voting among the trees. The class with maximum
votes is selected to be output as a prediction.
[0071] Classifier trainer 702 receives the training set
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(which can include updates to the training set) via flow
412A. Classifier trainer 702 provides the trained classifier
to ML model 706 via flow 708. ML model 706 can use
the trained classifier to predict pairings between control
data and templates.
[0072] In one or more alternative embodiments, KB
builder/trainer engine 102 and KB 104A can build and/or
use neural networks as an alternative to using classifier
trainer 702. The neural networks can be built, for exam-
ple, using network of long short-term memories (LSTMs).
[0073] ML model 706 can be configured to assign a
confidence score to the predictions (predicted pairings)
that it outputs. Upon an initial training of ML model 706
by the classifier trainer 702, the confidence score asso-
ciated with predictions can be neutral. As a training set
is updated with further instances of pairings between par-
ticular control loop data and a particular template, the
confidence score for mapping the particular control loop
data to the particular template for future predictions can
be increased.
[0074] While the trained classifier provided at flow 708
can be trained to predict 1:1 mappings of control loop
data for one control loop correlated to one template in
the pairings and mappings, control loop data for respec-
tive multiple control loops to one template, control loop
data for one control loop to multiple templates, or control
loop data for multiple control loops to multiple templates.
Although the other flows described may refer to control
loop data for one control loop or template ID of one tem-
plate, it is understood that either of these could be sub-
stituted with multiple instances.
[0075] Each time a conflict is detected, the classifier
trainer 702 can update the trained classifier to adjust the
confidence scores to reflect the conflict and the resolu-
tion. For example, upon detection of a conflict associated
with a particular pairing of control data to template, the
classifier trainer 702 can train the classifier to discontinue
mapping the control data to the template or to decrease
a confidence score associated with the mapping. Simi-
larly, a mapping for revised control loop data (in accord-
ance with the resolution) can be used to train the trained
classifier to increase an associated confidence score.
[0076] ML model 706 can continue to be trained by
classifier trainer 702 as new design data is received at
flow 155 (shown in FIG. 1). Feedback about the prediction
result output by ML model 706, such as feedback re-
ceived via the engineer review process described in con-
nection with FIG. 1 and flows 160A, 160B, 162A1, 162B1,
162B2, 163A1, 163B, and 164, can be used to update
the training set provided at flow 412A and the trained
classifier provided at flow 708. The confidence score can
be adjusted based on feedback, including the feedback
received by the engineering review process.
[0077] With reference to FIG. 8, KB 104A is shown,
once ML model 706 is trained, while performing the proc-
ess of making a prediction. In one or more embodiments,
ML model 706 can apply neural networks, probabilistic
algorithms, or other methods for making predictions of

which template to pair with the control data. An ML map-
ping engine 106A having a classifier predictor 802 is
shown. The description of mapping engine 106, as de-
scribed with respect to FIGS. 1 and 4 is applied to ML
mapping engine 106A, but as its label indicates, ML map-
ping engine 106A shows an embodiment that includes
classifier predictor 802 and is specific to handling and
responding to prediction queries using machine learning.
[0078] ML mapping engine 106A receives identified
new control loops via flow 156. The identified control
loops can be input to classifier predictor as inputs 851.
An example input is shown for an identified new control
loop. At flow 157A, classifier predictor 802 of ML mapping
engine 106A submits a prediction query to ML model 706
based on inputs 851. The prediction query includes mul-
tidimensional control loop data for one or more identified
new control loops. The dimensional information in the
query can be described, for example, by shape.
[0079] ML model 706 applies machine learning to pre-
dict which template would be paired to the control loop
data in the query. For example, when ML model 706 is
trained as a random forest classifier, the template pre-
dicted is selected based on voting among trees of the
random forest classifier. The predicted template is output
as a prediction result at flow 158A. The prediction result
can also be described by shape.
[0080] Classifier predictor outputs identification of the
predicted template as outputs 852. These outputs can
be provided to configuration engine 108 via flow 161
and/or to engineer review interface 122 via flow 160A,
as shown in FIG. 1.
[0081] With reference to FIG. 9, an example method
of querying a KB is disclosed. At block 902, a KB (e.g.,
KB 104 in FIG. 1) is queried for a template to map with
new control data that was identified in new digitized de-
sign data for a new engineering project. The query in-
cludes the new control loop data. The KB is trained to
map past control loop data of past control loops that were
identified in past digitized design data from one or more
past engineering projects to respective templates based
on past instantiation of the respective templates with the
past control loops by the one or more past engineering
projects. The new control loop data and the past control
loop data can be standardized and normalized.
[0082] At block 904, a selected template is received in
response to the query. The selected template is selected
based on its mapping with past control loop data that
matches the new control loop data. At block 906, config-
uration data is provided that includes an instantiation of
the new control loop data with the selected template.
[0083] In one or more embodiments, at block 908, the
KB is updated in accordance with feedback from a review
process of the selected template with respect to the new
control loop data in the query. For example, a mapping
of the selected template to the new control loop data is
submitted for an engineering review and the KB is up-
dated as a function of review data received from a proc-
ess of the engineering review. For example, a confidence
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score associated with mappings in the KB that were ap-
proved by the engineering process can be increased. A
confidence score associated with mappings in the KB
that were disapproved by the engineering process and/or
in which a modification to or replacement of the selected
template was suggested by the engineering review, can
be decreased. The mappings that were approved or dis-
approved are mappings having the same control data as
the new control data and the same template as the se-
lected template.
[0084] With reference to FIG. 10, an example method
of training a KB is disclosed. At block 1002, a control loop
ID and control loop data for respective control loops iden-
tified in digitized design data are received. At block 1004,
template IDs of respective templates instantiated using
corresponding control loops of the respective control
loops are received.
[0085] At block 1006 pairings are formed of control loop
IDs and control loop data with a template ID of the tem-
plate that was instantiated using the corresponding con-
trol loop
[0086] At block 1008, the KB is trained, using machine
learning, based on the pairings.
[0087] In one or more embodiments, at block 1010, the
control loop data in the pairings is updated based on re-
view data output by a conflict review. The conflict review
can be performed manually and/or automatically.
[0088] In one or more embodiments, the conflict review
includes identifying a conflict in which control loop data
for two different pairings are the same and are paired
respectively with different templates and reviewing the
digitized design data to identify an additional attribute of
the respective first and second control loops that is dif-
ferent for the first control loop relative to the second con-
trol loop. The review data can include a new feature to
be added to the control loop data for the first and second
control loops that corresponds to the additional attribute
so that the first and second control loops have different
corresponding control loop data. The method can further
include adding the new feature to the control loop data.
[0089] In the preceding, reference is made to various
embodiments. However, the scope of the present disclo-
sure is not limited to the specific described embodiments.
Instead, any combination of the described features and
elements, whether related to different embodiments or
not, is contemplated to implement and practice contem-
plated embodiments. Furthermore, although embodi-
ments may achieve advantages over other possible so-
lutions or over the prior art, whether or not a particular
advantage is achieved by a given embodiment is not lim-
iting of the scope of the present disclosure. Thus, the
preceding aspects, features, embodiments and advan-
tages are merely illustrative and are not considered ele-
ments or limitations of the appended claims except where
explicitly recited in a claim(s).
[0090] The various embodiments disclosed herein
may be implemented as a system, method or computer
program product. Accordingly, aspects may take the form

of an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, mi-
cro-code, etc.) or an embodiment combining software
and hardware aspects that may all generally be referred
to herein as a "circuit," "module" or "system." Further-
more, aspects may take the form of a computer program
product embodied in one or more computer-readable me-
dium(s) having computer-readable program code em-
bodied thereon.
[0091] Any combination of one or more computer-
readable medium(s) may be utilized. The computer-read-
able medium may be a non-transitory computer-readable
medium. A non-transitory computer-readable medium
may be, for example, but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semicon-
ductor system, apparatus, or device, or any suitable com-
bination of the foregoing. More specific examples (a non-
exhaustive list) of the non-transitory computer-readable
medium can include the following: an electrical connec-
tion having one or more wires, a portable computer dis-
kette, a hard disk, RAM, a read-only memory (ROM), an
erasable programmable read-only memory (EPROM or
Flash memory), an optical fiber, a portable compact disc
read-only memory (CD-ROM), an optical storage device,
a magnetic storage device, or any suitable combination
of the foregoing. Program code embodied on a computer-
readable medium may be transmitted using any appro-
priate medium, including but not limited to wireless, wire-
line, optical fiber cable, RF, etc., or any suitable combi-
nation of the foregoing.
[0092] Computer program code for carrying out oper-
ations for aspects of the present disclosure may be writ-
ten in any combination of one or more programming lan-
guages. Moreover, such computer program code can ex-
ecute using a single computer system or by multiple com-
puter systems communicating with one another (e.g., us-
ing a LAN, WAN, the Internet, etc.). While various fea-
tures in the preceding are described with reference to
flowchart illustrations and/or block diagrams, a person of
ordinary skill in the art will understand that each block of
the flowchart illustrations and/or block diagrams, as well
as combinations of blocks in the flowchart illustrations
and/or block diagrams, can be implemented by computer
logic (e.g., computer program instructions, hardware log-
ic, a combination of the two, etc.). Generally, computer
program instructions may be provided to a processor(s)
of a general-purpose computer, special-purpose compu-
ter, or other programmable data processing apparatus.
Moreover, the execution of such computer program in-
structions using the processor(s) produces a machine
that can carry out a function(s) or act(s) specified in the
flowchart and/or block diagram block or blocks.
[0093] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this disclosure belongs. Although any methods and
materials similar or equivalent to those described herein
can also be used in the practice or testing of the illustrated
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embodiments, exemplary methods and materials are
now described. All publications mentioned herein are in-
corporated herein by reference to disclose and describe
the methods and/or materials in connection with which
the publications are cited.
[0094] It must be noted that as used herein and in the
appended claims, the singular forms "a", "an," and "the"
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a stimulus"
includes a plurality of such stimuli and reference to "the
signal" includes reference to one or more signals and
equivalents thereof known to those skilled in the art, and
so forth.
[0095] It is to be appreciated the embodiments of the
disclosure include software algorithms, programs, or
code that can reside on a computer useable medium hav-
ing control logic for enabling execution on a machine hav-
ing a computer processor. The machine typically includes
memory storage configured to provide output from exe-
cution of the computer algorithm or program.
[0096] As used herein, the term "software" is meant to
be synonymous with any code or program that can be in
a processor of a host computer, regardless of whether
the implementation is in hardware, firmware or as a soft-
ware computer product available on a disc, a memory
storage device, or for download from a remote machine.
The embodiments described herein include such soft-
ware to implement the logic, equations, relationships and
algorithms described above. One skilled in the art will
appreciate further features and advantages of the illus-
trated embodiments based on the above-described em-
bodiments. Accordingly, the illustrated embodiments are
not to be limited by what has been particularly shown and
described, except as indicated by the appended claims.
[0097] Embodiments of design system 100 may be im-
plemented or executed by one or more computer sys-
tems. For example, design system 100 can be imple-
mented using a computer system such as example com-
puter system 1100 illustrated in FIG. 11. In various em-
bodiments, computer system 1100 may be a server, a
mainframe computer system, a workstation, a network
computer, a desktop computer, a laptop, or the like,
and/or include one or more of a field-programmable gate
array (FPGA), application specific integrated circuit
(ASIC), microcontroller, microprocessor, or the like.
[0098] Computer system 1100 is only one example of
a suitable system and is not intended to suggest any
limitation as to the scope of use or functionality of em-
bodiments of the disclosure described herein. Regard-
less, computer system 1100 is capable of being imple-
mented and/or performing any of the functionality set
forth hereinabove.
[0099] Computer system 1100 may be described in the
general context of computer system-executable instruc-
tions, such as program modules, being executed by a
computer system. Generally, program modules may in-
clude routines, programs, objects, components, logic,
data structures, and so on that perform particular tasks

or implement particular abstract data types. Computer
system 1100 may be practiced in distributed data
processing environments where tasks are performed by
remote processing devices that are linked through a com-
munications network. In a distributed data processing en-
vironment, program modules may be located in both local
and remote computer system storage media including
memory storage devices.
[0100] Computer system 1100 is shown in FIG. 11 in
the form of a general-purpose computing device. The
components of computer system 1100 may include, but
are not limited to, one or more processors or processing
units 1116, a system memory 1128, and a bus 1118 that
couples various system components including system
memory 1128 to processor 1116.
[0101] Bus 1118 represents one or more of any of sev-
eral types of bus structures, including a memory bus or
memory controller, a peripheral bus, an accelerated
graphics port, and a processor or local bus using any of
a variety of bus architectures. By way of example, and
not limitation, such architectures include Industry Stand-
ard Architecture (ISA) bus, Micro Channel Architecture
(MCA) bus, Enhanced ISA (EISA) bus, Video Electronics
Standards Association (VESA) local bus, and Peripheral
Component Interconnect (PCI) bus.
[0102] Computer system 1100 typically includes a va-
riety of computer system readable media. Such media
may be any available media that is accessible by com-
puter system 1100, and it includes both volatile and non-
volatile media, removable and non-removable media.
[0103] System memory 1128 can include computer
system readable media in the form of volatile memory,
such as random-access memory (RAM) 1130 and/or
cache memory 1132. Computer system 1100 may further
include other removable/non-removable, volatile/non-
volatile computer system storage media. By way of ex-
ample only, storage system 1134 can be provided for
reading from and writing to a non-removable, non-volatile
magnetic media (not shown and typically called a "hard
drive"). Although not shown, a magnetic disk drive for
reading from and writing to a removable, non-volatile
magnetic disk, and an optical disk drive for reading from
or writing to a removable, non-volatile optical disk such
as a CD-ROM, DVD-ROM or other optical media can be
provided. In such instances, each can be connected to
bus 1118 by one or more data media interfaces. As will
be further depicted and described below, memory 1128
may include at least one program product having a set
(e.g., at least one) of program modules that are config-
ured to carry out the functions of embodiments of the
disclosure.
[0104] Program/utility 1140, having a set (at least one)
of program modules 1115, such as computer system
model 120, filter 122, spatial positioning module 124,
analysis module 126, and user interface 128 may be
stored in memory 1128 by way of example, and not lim-
itation, as well as an operating system, one or more ap-
plication programs, other program modules, and pro-
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gram data. Each of the operating system, one or more
application programs, other program modules, and pro-
gram data or some combination thereof, may include an
implementation of a networking environment. Program
modules 1115 generally carry out the functions and/or
methodologies of embodiments of the disclosure as de-
scribed herein.
[0105] Computer system 1100 may also communicate
with one or more external devices 1114 such as a key-
board, a pointing device, a display 1124, etc.; one or more
devices that enable a user to interact with computer sys-
tem 1100; and/or any devices (e.g., network card, mo-
dem, etc.) that enable design system 100 to communi-
cate with one or more other computing devices. Such
communication can occur via Input/Output (I/O) interfac-
es 1122. Still yet, computer system 1100 can communi-
cate with one or more networks such as a LAN, a general
WAN, and/or a public network (e.g., the Internet) via net-
work adapter 1120. As depicted, network adapter 1120
communicates with the other components of a network
(not shown) via bus 1118. It should be understood that
although not shown, other hardware and/or software
components could be used in conjunction with computer
system 1100. Examples, include, but are not limited to:
microcode, device drivers, redundant processing units,
external disk drive arrays, RAID systems, tape drives,
and data archival storage systems, and so on.
[0106] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality and/or operation
of possible implementations of various embodiments of
the present disclosure. In this regard, each block in the
flowchart or block diagrams may represent a module,
segment or portion of code, which comprises one or more
executable instructions for implementing the specified
logical function(s). It should also be noted that, in some
alternative implementations, the functions noted in the
block may occur out of the order noted in the figures. For
example, two blocks shown in succession may, in fact,
be executed substantially concurrently, or the blocks may
sometimes be executed in the reverse order, depending
upon the functionality involved. It will also be noted that
each block of the block diagrams and/or flowchart illus-
tration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by spe-
cial purpose hardware-based systems that perform the
specified functions or acts, or combinations of special
purpose hardware and computer instructions.
[0107] It is to be understood that the above description
is intended to be illustrative, and not restrictive. Many
other implementation examples are apparent upon read-
ing and understanding the above description. Although
the disclosure describes specific examples, it is recog-
nized that the systems and methods of the disclosure are
not limited to the examples described herein, but may be
practiced with modifications within the scope of the ap-
pended claims. Accordingly, the specification and draw-
ings are to be regarded in an illustrative sense rather
than a restrictive sense. The scope of the disclosure

should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents
to which such claims are entitled.

Claims

1. A method of building a knowledge base, the method
comprising:

receiving a training set including pairings of con-
trol loop data for respective control loops iden-
tified in digitized design data and templates that
were instantiated using the control loop data of
the respective control loops; and
training, using machine learning, a knowledge
base, based on the training set,
wherein the knowledge base, once trained, is
configured to be queried with digitized new con-
trol loop data, predict a template to pair with the
digitized new control loop data, and the predict-
ed template, and the predicted template is con-
figured to be instantiated with the new control
loop data for implementation of a control loop in
an engineering system.

2. The method of claim 1, wherein the knowledge base
includes a machine learning model, and training the
machine learning model includes training a classifier
of the machine learning model.

3. The method of claim 1, wherein the received digitized
control loop data and the received templates are
standardized and/or normalized.

4. The method of claim 1, further comprising:

submitting the pairings for a conflict review per-
formed manually and/or automatically;
receiving review data based on the conflict re-
view; and
updating the control loop data in the pairings as
a function of the conflict review data, wherein
the knowledge base is trained using the updated
pairings.

5. The method of claim 4, wherein the conflict review
comprises:

identifying a conflict in which first and second
control loop data for two different pairings are
the same and are paired respectively with dif-
ferent templates;
reviewing the digitized design data to identify an
additional attribute of the respective first and
second control loops that is different for the first
control loop relative to the second control loop;
and
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including in the review data a new feature to be
added to the control loop data for the first and
second control loops that corresponds to the ad-
ditional attribute so that the first and second con-
trol loops have different corresponding control
loop data.

6. The method of claim 5, further comprising adding
the additional attribute to the control loop data of at
least one of the first and second control loops.

7. The method of claim 1, further comprising:

receiving feedback about pairings between dig-
itized new control loop data and predicted tem-
plates output by the knowledge base in re-
sponse to queries submitted to the knowledge
base; and
updating the training set based on the feedback.

8. The method of claim 7, wherein the knowledge
based further configured to adjust a confidence
score associated with the predicted template based
on the feedback.

9. A machine learning system for building a knowledge
base for use with an automated engineering system,
the machine system comprising:

a memory configured to store instructions; and
a processor and in communication with the
memory, wherein the processor upon execution
of the instructions is configured to: receive a
training set including pairings of control loop da-
ta for respective control loops identified in digi-
tized design data and templates that were in-
stantiated using the control loop data of the re-
spective control loops; and

train, using machine learning, a knowledge
base, based on the training set,
wherein the knowledge base, once trained,
is configured to be queried with digitized
new control loop data, predict a template to
pair with the digitized new control loop data,
and the predicted template, and the predict-
ed template is configured to be instantiated
with the new control loop data for implemen-
tation of a control loop in an engineering
system.

10. The machine learning system of claim 9, wherein the
knowledge base includes a machine learning model,
and training the machine learning model includes
training a classifier of the machine learning model.

11. The machine learning system of claim 9, wherein the
received digitized control loop data and the received

templates are standardized and/or normalized.

12. The machine learning system of claim 9, wherein the
processor upon execution of the instructions is fur-
ther configured to:

submitting the pairings for a conflict review per-
formed manually and/or automatically;
receiving review data based on the conflict re-
view; and
updating the control loop data in the pairings as
a function of the conflict review data, wherein
the knowledge base is trained using the updated
pairings.

13. The machine learning system of claim 12, wherein
the conflict review comprises:

identifying a conflict in which first and second
control loop data for two different pairings are
the same and are paired respectively with dif-
ferent templates;
reviewing the digitized design data to identify an
additional attribute of the respective first and
second control loops that is different for the first
control loop relative to the second control loop;
and
including in the review data a new feature to be
added to the control loop data for the first and
second control loops that corresponds to the ad-
ditional attribute so that the first and second con-
trol loops have different corresponding control
loop data.

14. The machine learning system of claim 13, wherein
the processor upon execution of the instructions is
further configured to add the additional attribute to
the control loop data of at least one of the first and
second control loops.

15. The machine learning system of claim 9, wherein the
processor upon execution of the instructions is fur-
ther configured to:

receive feedback FROM ENGINEERING RE-
VIEW about pairings between digitized new con-
trol loop data and predicted templates output by
the knowledge base in response to queries sub-
mitted to the knowledge base; and
updating the training set based on the feedback.

16. The machine learning system of claim 15, wherein
the knowledge based further configured to adjust a
confidence score associated with the predicted tem-
plate based on the feedback.

17. A non-transitory computer readable storage medium
having one or more computer programs stored there-
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in, the computer programs comprising instructions,
which when executed by a processor of a computer
system, cause the processor to: receiving a training
set including pairings of control loop data for respec-
tive control loops identified in digitized design data
and templates that were instantiated using the con-
trol loop data of the respective control loops; and

training, using machine learning, a knowledge
base, based on the training set,
wherein the knowledge base, once trained, is
configured to be queried with digitized new con-
trol loop data, predict a template to pair with the
digitized new control loop data, and the predict-
ed template, and the predicted template is con-
figured to be instantiated with the new control
loop data for implementation of a control loop in
an engineering system.

18. The non-transitory computer readable storage me-
dium of claim 17, wherein the knowledge base in-
cludes a machine learning model, and training the
machine learning model includes training a classifier
of the machine learning model.

19. The non-transitory computer readable storage me-
dium of claim 17, wherein the computer programs
comprising instructions, when executed by a proc-
essor of a computer system, further cause the proc-
essor to:

receive feedback about pairings between digi-
tized new control loop data and predicted tem-
plates output by the knowledge base in re-
sponse to queries submitted to the knowledge
base; and
update the training set based on the feedback.

20. The non-transitory computer readable storage me-
dium of claim 19, wherein the knowledge based fur-
ther configured to adjust a confidence score associ-
ated with the predicted template based on the feed-
back.
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